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What-if Analysis

Chapter Contents

This chapter provides a basic overview of the what-if analysis technique and includes fundamental step-by-
step instructions for using this methodology to postulate potential upsets that may result in accidents.
Following are the major topics in this chapter:
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3.0 Subdivide the activity or system for analysis ..............ccccviieiiiiiieiiiei e 8-14
4.0 Generate what-if questions for each element of the activity or system ...........ccccccvvvveiiiiiiiinnnne. 8-15
5.0 Respond to the what-if QUESHONS .............coouiiiiiiiiii e 8-18
6.0 Further subdivide the elements of the activity or system (if necessary or otherwise useful) ........ 8-20
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See examples of what-if analyses in Volume 4 in the What-if Analysis directory under
Tool-specific Resources.
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Summary of What-if Analysis

Questions Responses

= “WI.‘at if {a specifi”c “{Immediate system
accident} occurs? vessel condition}

m “What if {a specific
system} fails?”

m “What if {a specific
human error} “if {applicable
occurs?” safeguards} fail”

“potentially leading to
{accident of interest}

m “What if {a specific
external event}
occurs?”

Summary of What-if Analysis

What-if analysis is a brainstorming approach that uses broad, loosely
structured questioning to (1) postulate potential upsets that may result in
accidents or system performance problems and (2) ensure that appropriate
safeguards against those problems are in place.

Brief summary of characteristics

* A systematic, but loosely structured, assessment relying on a team of
experts brainstorming to generate a comprehensive review and to ensure
that appropriate safeguards are in place

* Typically performed by one or more teams with diverse backgrounds and
experience that participate in group review meetings of documentation
and field inspections

* Applicable to any activity or system
* Used as a high-level or detailed risk assessment technique

* Generates qualitative descriptions of potential problems, in the form of
questions and responses, as well as lists of recommendations for prevent-
ing problems

* The quality of the evaluation depends on the quality of the documenta-
tion, the training of the review team leader, and the experience of the
review teams
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Most common uses

* Generally applicable for almost every type of risk assessment application, especially those dominated
by relatively simple failure scenarios

* Occasionally used alone, but most often used to supplement other, more structured techniques (espe-
cially checklist analysis)

Example

Summary of the What-if Review of a Vessel's Compressed Air System

Immediate
System
What if ... ? Condition Ultimate Consequences Safeguards Recommendations
1. The intake air filter| Reduced air flow Inefficient compressor Pressure/vacuum Make checking the
begins to plug through the operation, leading to gauge between the pressure gauge
compressor, excessive energy use and compressor and the reading part of
affecting its possible compressor damage | intake filter someone's weekly
performance Low or no air flow to round

equipment, leading to
functional inefficiencies and
possibly outages

Annual replacement of
the filter

Rain cap and screen
at the air intake

OR

Replace the local
gauge with a low
pressure switch that
alarms in a manned
area

2. Someone leaves a

drain valve open

High air flow rate
through the open
valve to the
atmosphere

Low or no air flow to
equipment, leading to
functional inefficiencies and
possibly outages

Potential for personnel injury
from escaping air or blown
debris

Small drain line would
divert only a portion of
the air flow, but
maintaining pressure
would be difficult
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Limitations of What-if Analysis

m Likely to miss some potential
problems

m Difficult to audit for thoroughness

m Traditionally provides only qualitative
information

Limitations of What-if Analysis

Although what-if analysis is highly effective in identifying various system
hazards, this technique has three limitations:

Likely to miss some potential problems. The loose structure of what-if
analysis relies exclusively on the knowledge of the participants to identify
potential problems. If the team fails to ask important questions, the analysis is
likely to overlook potentially important weaknesses.

Difficult to audit for thoroughness. Reviewing a what-if analysis to
detect oversights is difficult because there is no formal structure against which
to audit. Reviews tend to become “mini-what-ifs,” trying to stumble upon
oversights by the original team.

Traditionally provides only qualitative information. Most what-if
reviews produce only qualitative results; they give no quantitative estimates of
risk-related characteristics. This simplistic approach offers great value for
minimal investment, but it can answer more complicated risk-related ques-
tions only if some degree of quantification is added.
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Procedure for What-if Analysis

4.0 Generate what-if

1.0 Define the 2.0 Define the 3.0 Subdivide the "
activity or system || problems of interest || activity or system for || questions for each
of interest for the analysis analysis element of the
activity or system

6.0 Further subdivide

. the elements of the
7Oseherssdein | af aciviy o tem 1+ S9Sespend o e
9 necessary or a
otherwise useful)

Procedure for What-if Analysis

The procedure for performing a what-if analysis consists of the following
seven steps:

1.0 Define the activity or system of interest. Specify and clearly define
the boundaries for which risk-related information is needed.

2.0 Define the problems of interest for the analysis. Specify the
problems of interest that the analysis will address (safety problems,
environmental issues, economic impacts, etc.).

3.0 Subdivide the activity or system for analysis. Section the subject
into its major elements (e.g., locations on the waterway, tasks, or subsys-

tems). The analysis will begin at this level.

4.0 Generate what-if questions for each element of the activity or
system. Use a team to postulate hypothetical situations (generally
beginning with the phrase “what if ...”) that team members believe could
result in a problem of interest.

5.0 Respond to the what-if questions. Use a team of subject matter
experts to respond to each of the what-if questions. Develop recommen-
dations for improvements wherever the risk of potential problems seems

uncomfortable or unnecessary.
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6.0 Further subdivide the elements of the activity or system (if
necessary or otherwise useful). Further subdivision of selected
elements of the activity or system may be necessary if more detailed
analysis is desired. Section those elements into successively finer levels of
resolution until further subdivision will (1) provide no more valuable
information or (2) exceed the organization’s control or influence to make
improvements. Generally, the goal is to minimize the level of resolution
necessary for a risk assessment.

7.0 Use the results in decision making. Evaluate recommendations
from the analysis and implement those that will bring more benefits than
they will cost in the life cycle of the activity or system.
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1.0 Define the activity or
system of interest

m Intended functions
m Boundaries

1.0 Define the activity or system of interest

Intended functions. Because all risk assessments are concerned with ways
in which intended functions can fail, a clear definition of the intended func-
tions is an important first step in any assessment. This step does not have to
be formally documented for most what-if analyses.

Boundaries. Few activities or systems operate in isolation. Most interact
with others. The analyst should clearly define the boundaries of the study,
especially areas where a vessel will transit, or boundaries with support sys-
tems such as electric power and compressed air. In this way, the analyst can
avoid the following:

* QOverlooking key elements of an activity or system at interfaces

* Penalizing an activity or system by associating other equipment with the
subject of the study

Examples

Definition for a vessel operational study

Deep Draft Oil Tankers

Boundaries of Analysis
Intended Functions Within Scope Outside of Scope
* Harbor transit ¢ Operations withinthe | * Operations outside
] controlled harbor's of the harbor
* Docking waterways . .
) * Shoreside loading,
* Unloading » Onboard loading and unloading, and
« Loading unloading systems storage systems
» Cargo other than
liquids
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Definition for an onboard compressed air system study

Compressed Air System

Intended Functions

Boundaries of Analysis

Within Scope

Outside of Scope

* Provide compressed air at 100 psig

* Remove moisture and contaminants
from the air

¢ Contain the compressed air

* Breaker supplying
power to the
compressor

* Air hoses and piping at
pneumatic equipment

* Power supply bus for
the compressor

¢ Air hose connections
on pneumatic
equipment
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2.0 Define the problems of
interest for the analysis

m Safety problems
m Environmental issues
m Economic impacts

2.0 Define the problems of interest for the analysis

Safety problems. The analysis team may be asked to look for ways in
which improper performance of a marine activity or failures in a hardware
system can result in personnel injury. These injuries may be caused by many
mechanisms, including the following:

* Vessel collisions or groundings
* Person overboard
* Exposure to high temperatures (e.g., through steam leaks)

* Fires or explosions

Environmental issues. The analysis team may be asked to look for ways
in which the conduct of a particular activity or the failure of a system can
adversely affect the environment. These environmental issues may be caused
by many mechanisms, including the following:

* Discharge of material into the water, either intentional or unintentional
* Equipment failures, such as seal failures, that result in a material spill

* Qwerutilization of a marine area, resulting in a disruption of the ecosystem
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Economic impacts. The analysis team may be asked to look for ways in
which the improper conduct of a particular activity or the failure of a system
can have undesirable economic impacts. These economic risks may be
categorized in many ways, including the following:

* Business risks, such as vessels detained at port, contractual penalties, lost
revenue, efc.

¢ Environmental restoration costs

* Replacement costs, such as the cost of replacing damaged equipment

A particular analysis may focus only on events above a certain threshold of
concern in one or more of these categories.
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3.0 Subdivide the activity or system
for analysis

| Activity |
v

| Operation |
v

| Function |
v

| System |
A4

| Subsystem |
v

| Components |

3.0 Subdivide the activity or system for analysis

An activity or system may be divided at many different levels of resolution.
Generally speaking, analysts should try to describe risk-related characteristics
for an activity or system at the broadest level possible, based on availability of
applicable data. The procedure for subdividing an activity or system is
typically repetitive, beginning with a broad subdivision into major sections or
tasks.

This strategy of beginning at the highest level helps promote effective and
efficient risk assessments by (1) ensuring that all key attributes are consid-
ered, (2) encouraging analysts to avoid unnecessary detail, and (3) using a
structure that helps to avoid overlooking individual components or steps if
further subdivision is necessary.

Example

Systems associated with the vessel’s compressed air system

* Compressor system
* Dryer system

* Distribution system
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4.0 Generate what-if questions for
each element of the activity or system

m “What if {a specific accident} occurs?”

m “What if {a specific system} fails?”

m “What if {a specific human error}
occurs?”

m “What if {a specific external event}
occurs?”

4.0 Generate what-if questions for each element of the activity
or system

The brainstorming process is used by an analysis team to generate what-if
questions. Two different types of teams may be assembled to generate the
what-if questions:

* Team Type 1: Subject matter experts. These people are very knowl-
edgeable about details of how the activity is conducted, or how the system
is designed, maintained, and operated. While they can perform an analy-
sis very efficiently, their closeness to the activity or system may keep them
from seeing some issues.

* Team Type 2: Objective technical personnel. These people know
little about the specific activity or system being analyzed, but they are
technically knowledgeable and have experience with similar applications.
They often do a very thorough job identifying different types of possible
issues, but they sometimes overlook subtle issues unique to the specific
application or spend too much time dwelling on unimportant issues.

Regardless of the type of team selected for brainstorming, the leader should
observe the steps on the following page while conducting the analysis.
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Procedure for generating what-if questions

Step 1. Remind the team of the analysis scope and objectives

Step 2. Allow a few minutes for participants to collect their
thoughts

Step 3. Explain how questions will be collected

» First or loudest voice (brainstorming)
* Round robin (nominal group technique)
* Circulating lists (brainwriting)

Step 4. Explain the rules for questions

* OKto ask any question whatever
* OKto rephrase, combine, or broaden others’ questions
* OKto speak out of turn

* OKto answer questions about design intent or capability, but
not what-if questions

* OKto use a prepared list of questions
— open brainstorming to collect top-of-the-head questions

— focus brainstorming on specific process sections or sub-
systems

— seed the group with your own questions

— refocus the group only when several consecutive questions
digress; expect and accept isolated irrelevant questions

— use relevant checklist items to provoke additional questions

Step 5. Record the ideas as they are suggested, generally on a
flipchart, overhead transparency, or by computer projec-
tion

Step 6. End the questioning after a reasonable time

Step 7. Organize the questions into logical groups for resolution;
combine closely related items as appropriate and elimi-
nate overlapping questions

If a different group will respond to the questions, the questions must be clearly
worded, with enough detail for others to understand.
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Example

What-if Questions for the Vessel's Compressed Air System

Compressor system * What if the intake air filter plugs?

» What if the compressor controller fails?

* What if the compressor seal fails?

» What if the internal compressor fails?

» What if the relief valve fails to open?

» What if the relief valve leaks or opens prematurely?
* What if the wrong oil is used in the compressor?

Dryer system * What if the inlet valves are misaligned?

* What if the wrong desiccant is used?

» What if the desiccant is not changed?

» What if the desiccant is loaded incorrectly?
» What if the outlet valves are misaligned?

» What if the desiccant begins to plug?
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5.0 Respond to the
what-if questions

m Immediate system condition or
response

m Ultimate consequence of interest
m Safeguards
m Recommendations

5.0 Respond to the what-if questions

Each what-if question must be answered by a group of subject matter experts
who are knowledgeable about the design, operation, and maintenance of the
activity or system.

Answering what-if questions generally defines the following:

Immediate system condition or response. The initial changes in
activity or system conditions that would occur if the postulated situation (i.e.,
the what-if) were to occur

Ultimate consequences of interest. The eventual undesirable effects that
the postulated situation could produce if it were not mitigated in some way.
Includes the worst-case outcome as well as other significant, but perhaps less
severe, outcomes of interest.

Safeguards. Equipment, procedures, and administrative controls in place to
help (1) prevent the postulated situation from occurring or (2) mitigate the

effects if the situation does occur

Recommendations. Suggestions for improvement that the team believes
are appropriate; generally, suggestions for additional safeguards
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There are three basic levels of documentation possible for a what-if analysis:

Level of
Documentation Description

Complete Full responses for every question and a complete list of
recommendations generated from the analysis

Steamlined Responses to questions that result in suggestions for
improvement, along with the complete list of
recommendations generated from the analysis

Minimal Complete list of recommendations generated from the

analysis

Example of complete what-if documentation

Summary of the What-if Review of a Vessel's Compressed Air System

equipment, leading to
functional inefficiencies and
possibly outages

Immediate
System
What if ... ? Condition Ultimate Consequences Safeguards Recommendations
1. The intake air filter | Reduced air flow Inefficient compressor Pressure/vacuum Make checking the
begins to plug through the operation, leading to gauge between the pressure gauge
compressor, excessive energy use and compressor and the reading part of
affecting its possible compressor damage | intake filter someone's weekly
performance Low or no air flow to Annual replacement of | "ound

the filter

Rain cap and screen
at the air intake

OR

Replace the local
gauge with a low
pressure switch that
alarms in a manned
area

drain valve open

2.Someone leaves a

High air flow rate
through the open
valve to the
atmosphere

Low or no air flow to
equipment, leading to
functional inefficiencies and
possibly outages

Potential for personnel injury
from escaping air or blown
debris

Small drain line would
divert only a portion of
the air flow, but
maintaining pressure
would be difficult
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8-20

6.0 Further subdivide the elements of
the activity or system

Activity
v

Tasks

v
Steps
v

Systems

v
Components
v
Subassemblies
v
Parts

I |
I |
I |
I |
| Subsystems |
I |
I |
I |

6.0 Further subdivide the elements of the activity or system (if
necessary or otherwise useful)

Further subdivision of activities or systems occurs only under the following
conditions:

* Applicable data at the higher levels are not available

¢ Decision makers need information at a more detailed level

Often, only a few activities or systems must be subdivided.

If the above criteria apply to one or more subsystems, those subsystems may
be further divided into components. In a similar manner, broad activities or
tasks may be divided into individual steps. At each level, the process of
performing the what-if analysis is repeated.

Example

Subsystems associated with the vessel’s compressor system
* Electrical supply to the compressor

* Lubrication system

* Seal system

* Drive system, including the motor

* Mechanical compression system

* Control system

* Relief system

* Filter system

What-if analyses of any or all of those subsystems might occur if they were
important systems from a risk perspective.
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7.0 Use the results in
decision making
m Judge acceptability
m Identify improvement opportunities
m Make recommendations for
improvement

m Justify allocation of resources for
improvement

7.0 Use the results in decision making

Judge acceptability. Decide whether the estimated risk-related perfor-
mance for the activity or system meets an established goal or requirement.

Identify improvement opportunities. Identify elements of the activity or
system that are most likely to contribute to future risk-related problems. These
are the items with the largest percentage contribution to the pertinent risk-
related factors of merit (safety, environmental, economic).

Make recommendations for improvement. Develop specific sugges-
tions for improving the activity or system performance, including any of the
following:

* Equipment modifications
* Procedural changes

* Administrative policy changes such as planned maintenance tasks, opera-
tor training, etc.

Justify allocation of resources for improvement. Estimate how
implementation of expensive or controversial recommendations for improve-
ment will affect future performance. Compare the risk-related benefits of these
improvements to the total life-cycle cost of implementing each recommenda-
tion.
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